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SUl!l-lARY 

Object . - To determine the effect of piston-head temperature 
on knock- limited power. 

Scope . - Tests v.'ere made in a supercharged GFR engine over a 
range of fuel-air ratios from 0.055 to 0.120, usjjig S-3 reference 
fuel, AI'J-F-28, Amencljnent-2 , aviation gasoline, and AN-F-28 plus 
2 percent xylidines by weight. Tests v^ere run at a compression 
ratio of 7.0 vjith inlet-air tengjeratures of 1^0° F and 2^0° F and 
at a compression ratio of 8,0 with an inlet-air temperature of 
250° F. All other engine conditions v/ere held constant. The 
piston-head temperature v/as varied by circulation of oil through 
passages in the crovai of a liquid-cooled piston. This method of 
piston cooling decreased the piston-head temperature about 80° F. 
The data are not intended to constitute a recommendation as to 
the advisability of piston cooling in practice. 

Summary of results . - The f ollovring results nrere obtained from 
this investigation; 

1. Near the stoichiometric mixture, the percentage increase 

in knock- limited indicated mean effective pressujre accompanying the 
decrease in the piston-head tenperature of approximately 80 F was 
from $ to 18 percent. At a fuel-air ratio of 0.10, the increase 
T/as from 0 to 10 percent. 

2. Changes in piston-head temperature had no effect on indi- 
cated specific fuel consumption or on the general shape of the 
curves of Icnock-limited indicated mean effective pressure plotted 
against fuel-air ratio. 

3. The effect of piston cooling on the knock- limited indicated 
mean effective pressure was greater for AI'5-F-28, Amendment-2, avia- 
tion gasoline and AN-F-28 plus 2 percent xylidines by weight than 
for S-3 reference fuel. 
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Conclu sion. - For all but the high fuel-air ratios tested, the 
decrease in yiston-head temperature permitted approximately 30 per- 
cent of the increase in knock-limited indicated mean effective pres- 
sure that was allovred by an equal decrease in inlet-air temperature. 

IMTRODUCTION 

The effect of piston temperature on knock- limited povrer is part 
of the general problem of the relation of engine temperature to 
knock- limited performance. The problem is of interest from the 
considerations of increasing knock-limited pov/er and of correlating 
fuel ratings on different engines. 

Data on the effects of cylinder-head temperature have been 
conducted by the Pratt & IVhitney Aircraft Division and si-ibraitted 
to the Goordinatjjig Research Council. Tests on this phase of the 
problem are also being conducted at the Aircraft Engine Research 
Laboratory of the NACA, 

The tests reported herein ^•^ere made on three fuels at three 
sets of engine conditions to determine ths effect of piston-head 
temperature on knock-limited power. Because the data T^ere obtained 
from a small-scale (CFR) engine, the results are not directly appli- 
cable to a full-scale aircraft engine and should therefore be con- 
sidered in such an application on a qualitative rather than a 
quantitative basis. 

The work v/as conducted at the Aircraft Engine Research labora- 
tory at Cleveland, Ohio, The data were obtained during the period 
from January 26 to February 2, 19Ui. 



APPARATUS AND TEST PROCEDURE 

The tests were made on a high-speed, supercharged CFR engine 
coupled to a lOO-horsepower, direct- current, cradle-type dynamometer. 
The engine vias equipped v/ith a sodium-cooled exhaust valve and a 
cylinder v/ith four spark-plug holes. Champion RJ-11 spark plugs 
T/ere used. 

I&iock VT3.S detected by a cathode-ray oscilloscope in conjunction 

T/ith a magnetostriction pickup unit. Oil and inlet-air temperatures 
were measured with iron-constantan thermocouples and a self -balancing 
potentiometer. Figures 1, 2, and 3 sre schematic diagrams of the 
fuel system, the inlet-air system, and the arrangement of spark plugs 
and pickup unit in the cylinder, respectively. 
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Figure I; is a dravang of the liquid-cooled piston that provided 
the means for varying the piston temperature. In operation, cooling 
oil passed continuously from the hollovr crankshaft (jets removed), 
through the drilled connecting rod and the vTrist pin, and thence 
through the piston oil passages to the crown. After traversing the 
spiralled groove in the piston crovm, the oil passed through the 
outlet hole and back into the crankcase. '//hen piston cooling v;as 
not desired, a standard (not drilled) CER wrist pin vfas installed 
in the same piston vriLthout removing the ring band from the cylinder. 

A chromel-constantan thermocouple, 7;hich v;as peened in the 
center of the piston head l/l6 inch from the top surface, measured 
the piston-head temperature. At the bottom of the piston stroke, 
for about 10° of crank angle, the lead vri.res from the thermocouple 
were contacted to an external potentiometer by a method similar to 
that described in reference 1. After the thermocouple was installed, 
the piston cap was locked in place by two safety-v/ired set scre^vs. 

The oil-cooled piston as used in these tests was for the purpose 
of providing a variation in the piston temperature and not for eval- 
uating the merits of an oil-cooled piston as such. Consequently, 
the procedure of blocking the oil passages to the piston rather than 
substituting a conventional piston to obtain the higher piston tem- 
perature was justified. 

Supercharged knock- limited tests v/ere made in the CFR engine 
with and mthout piston cooling for S-3 reference fuel, AJJ-F-28, 
Amendment-2, aviation gasoline and AW-F-28 plus 2 percent xylidines 
by wej-ght. These fuels were chosen to obtain results on a standard 
reference fuel, a current aviation gasoline, and an aviation gaso- 
line of greater temperature sensitivity as represented through the 
addition of 2 percent xylidines by weight to the aviation gasoline. 

Tests vfere run at a compression ratio of 7«0 with inlet-air 
temperatures of 1^0° F and 250° F and at a compression ratio of 8.0 
vjith an inlet-air temperature of 2^0° F to determine the effect of 
piston-head temperature on knock- limited power under conditions of 
increasing severity and at fuel-air ratios ranging from 0.055 to 
0.120. Each fuel was tested on the same day at these three combina- 
tions of compression ratio and inlet-air temperature with piston 
cooling. On the previous or the followin!:' day, the same tests vrare 
performed without piston cooling. 

The follovriLng engine conditions were maintained constant: 

Engine speed, rpm . . , 2000 

Inlet-coolant temperature, °F . . . , . . . 250 - 

Spark advance, degrees B.T.C 55 

Oil temperature, °F 175 
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R3SULTS AiiFD DISCUSSION 

Figures $ to ^ are plots of knock- limited indicated mean effec- 
tive pressure, indicated specific fuel consumption, knock-liraited 
inlet-air pressure, and piston-head temperature plotted against fuel- 
air ratio. The curves for knock-limited indicated mean effective 
pressure were computed from the faired curves for indicated specific 
fuel consumption in conjunction vith. the approximately linear rela- 
tionships between fuel flovf and air flow at the knock limit.. This 
method of fairing the data gave good agreement v/ith the test points 
except for the data shovrn in figure 6(c) at a fuel-air ratio of O.O?. 
The performance curves shOYi the extent to "ifhich a decrease in piston- 
head temperature increased the knock- limited indicated mean effective 
pressure except at high fuel-air ratios but did not affect the indi- 
cated specific fuel consumption or the value of fuel-air ratio at 
which minimujn knock-limited indicated mean effective pressure 
occurred (vd.th the exception of the data in figure 7(^))« 

The piston-head temperat\xre decreased approximately 80° F during 
each test. The effects of a constant amount of piston cooling on 
laiock for the three fuels at three sets of engine conditions were 
thus determined. 

Although the oil consumption of the CFR engine v/as so small 
that no change was observed accompanying piston cooling, it is prob- 
able that more oil entered the combustion chamber when the piston 
was oil-cooled than when it was not cooled. From tests of an 
unsuper charged CFR engine, Stacey (reference 2) concluded that 
changes in knock rating of as much as 1 octane number may be attri- 
buted to different rates of oil consumption. Recent work by the 
NACA indicated that an addition of 2,5 percent by weight of oil to 
the gasoline of a supercharged CFR engine lowered the knock-liraited 
indicated mean effective pressure from 10 to 18 percent but had no 
effect on the indicated specific fuel consumption. If the oil 
consumption were controlled and maintained constant, it vrould be 
reasonable to assume that the increase in knock-limited indicated 
mean effective pressure obtained by the decrease in r^iston-head 
temperature v/ould be somev;hat more than presented in the present 
investigation . 

The percentage increase in knock-limited indicated mean effec- 
tive pressure has been cross-plotted against fuel-air ratio in 
figure 8 for the three fuels at each set of engine conditions tested. 
Because of the permissible variations in fairing the curves deter- 
mined by the knock-liraited data, the plots in figure 8 are dravm to 
represent approximate values. The increase vras from about 5 "to 
18 percent, near the stoichiometric mixture, and became negligible- 
at high fuel-air ratios. The appreciation v/as greater for AN-F-28, 
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AmendTaent-2 J aviation gasoline and A^y-F-28 plus 2 percent xylidines 
by rreight than for S-3 reference fuel at all engine conditions 
tested-. 

Figure 9 is a cross plot of the fuel-air ratio against the 
ratio of the increase in knock-limited indicated mean effective 
pressure allov/ed per degree Fahrenheit decrease in piston-head tem- 
perature to the increase in knock-limited indicated mean effective 
pressure allovred. per degree Fahrenheit decrease in inlet-air tem- 
perature. Curves have been cross-plotted for the three fuels at 
the tv/o inlet-air temperatures vo-th a compression ratio of 7.0, 
This figure shov/s that a decrease in piston-head, tenperature per- 
mitted approximately 50 percent of the increase in knock- limited 
indicated mean effective pressure that "was allovjed by an equal 
decrease in inlet-air temperature except at high fuel-air ratios. 

The procedure of changing the vrrist pin betvreen tests vri.th 
and vathout piston cooling could possibly shift the knock-limited 
engine performance. The general agreement^ however j in the trends 
of improved knock-limited performance accompanying piston cooling 
for all the fuels and the engine conditions tested sho^vs that the 
data are significant. 



COWCIUSION 

For all but the high fuel-air ratios tested, the decrease in 
piston-head temperature permitted approximately 30 percent of the 
increase in knock-limited indicated mean effective pressure that 
vreis alloT/ed by an equal decrease in inlet-air temperature. 



Aircraft Engine Research Laboratory, 

national Advisory Committee for Aeronautics, 
Cleveland, Ohio. 
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Fig. I 




A Fuel supply tank 

B Solenoid valves 

C Strainer 

D Rotameter 

E Primary fuel pump 

F Cooler 

Q- Fuel-velghing stand 



H Fuel -Injection nozzle 

I Pressure gage 

J Pressure-relief valve 

K Surge eliminator 

L Filter 

M Injection pump 

N Circulating piunp 



Figure 1, - Diagram of fuel system. 
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, Fig. 2 
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H Dial thermometer 
I Flexible coupling 
J Opening for fuel- 
injeotion nozzle 
K Inlet manifold 
L Engine cylinder 
M Manometers 
N Pilot valve for 

pressure regulator 

Figure 2. - Diagram of inlet-air system, 
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A Air-pressure regulator 

6 Air supply 

C Pressure gage 

D Thermocouple 

E Air-measuring orifice 

F Surge tank 

G> Air preheater 
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Fig. 3 




Figure 3. - Location of spark plugs and knock pickup unit In 
the CPR cylinder. 
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Fig. 4 




Section A-A 




Oil inlet 



Figure K - Diagram of oil-cooled piston, 
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Fuel-air ratio. 
(a) Compression ratio, 7»0; Inlet-alr temperature, 150 P. 



Flgwe 5« ~ 'he effect of piston-head temperature on the knock-limited CFR engine perforaanee 
' 3-3 reference fuel. Engine speed, 2000 rpm; inlet-coolant temperature, 250° spark 
ance, 35* B.T.C.; oil tenperature, 175° P. ^ 
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Fuel-alr ratio 
(c) Compressloa ratio, 2.0; Inlet-alr temperature, 250° 
Figure 5. - Coneludea. 
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Fuel-alr ratio 

(a) Compression ratio, 7.0; Inlet-alr temperature, 150° F. 

Figure 6. - The effect of piston-head temperatxire on the knock-limited CFR engine performance 
of AN-F-SS, Amendment-2, aviation gasoline. Engine speed', 2000 rpm; Inlet-coolant temperature, 
250° F; spark adrance, 35° B.T.C.; oil temperature^ 175° F. " 
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Fuel-alx ratio 

(a) Compression ratio, 7.0 Inlet-alr temperature, 150* P. 

Figure 7. - The effect of piston-head temperature on the knock-llraltea CFR engine performance 
of AH-F-2S, AmenOinent-S, aviation gasoline plus S percent xylldlnes by velg^t. Snglne 
speed, 2000 rran; Inlet-coolant temperature, 250 F; spark advance, 35" B.T.C.; oil temp- 
perature, 175" P. 
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Fig. 8 
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Compiessleti rallo, 7.0; Inlet- air tampeiature 
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Figure S. - The percentage Increase In knock-limited Indicated mean effective 
pressure for each of three fuels allowed by approximately S0° P piston cooling. 
CFR engine: engine speed, 2000 rpn; lnlet~coolant temperature, 250° F; spark 
advance, 35° B.T.C.; oil temperature, ITS'* F. 
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Figure 9* " A comparison between the effects of piston cooling and lowering of Inlet-alr 
temperatwe on the knook-llmlted Indicated mean effective pressure. CFR engine; engine 
speed, 2000 rpm; compression ratio, 7.0; Inlet-eoolant temperature, 250^ F; spark advance, 
35° B.T.C; oil temperature, 175° F. 



MASA Technical Ubn 



lllllllllllllllllllllllll 

IIIIUIIlllUlllllllulU< 


lllllll 


llllllllll lllillllllllllll 
lilllllllllllllllllllll 


3 1176 


01^ 


^03 3006 



